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TIME OF ARRIVAL ESTIMATION 
MECHANISM 

FIELD OF THE INVENTION 

The present invention relates to mobile Wireless commu 
nication; more particularly, the present invention relates to 
estimating a direct path (DP) distance Within a multi-path 
environment betWeen tWo mobile devices. 

BACKGROUND 

Within a communication system, a mobile communica 
tions device may be located using a Global Positioning 
System (GPS) receiver that takes positions and times from 
multiple satellites to accurately measure and determine 
distances. The mobile communications device compares its 
time With the time broadcast by at least three satellites Whose 
positions are knoWn and calculates its oWn position on the 
earth. HoWever, the GPS system depends on expensive 
atomic clocks in the GPS transmitters to generate the 
precision measurements. Therefore, it is often impracticable 
to implement a satellite based GPS system to provide 
accurate positioning measurements in various environments. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention is illustrated by Way of example and not 
limitation in the ?gures of the accompanying draWings, in 
Which like references indicate similar elements, and in 
Which: 

FIG. 1 illustrates a mobile Wireless communications 
device operating in a netWork With other mobile devices in 
accordance With the present invention; 

FIG. 2 illustrates one embodiment of a tWo-ray multi-path 
model; 

FIG. 3 is a How diagram that illustrates one embodiment 
of a time of arrival (TOA) estimation mechanism; 

FIG. 4 is a How diagram that illustrates one embodiment 
for time TOA/multi-path estimation; 

FIG. 5 is a diagram of noise poWer used in determining 
the number of paths for channel signals using residual error 
techniques; 

FIGS. 6A and 6B is a diagram illustrating multi-path 
symmetry; 

FIGS. 7-10 illustrate signals being transmitted and 
received by tWo communication devices; and 

FIG. 11 is a diagram illustrating one embodiment for 
determining Wireless location. 

DETAILED DESCRIPTION 

A mechanism for time of arrival (TOA) estimation is 
described. In the folloWing detailed description of the 
present invention numerous speci?c details are set forth in 
order to provide a thorough understanding of the present 
invention. HoWever, it Will be apparent to one skilled in the 
art that the present invention may be practiced Without these 
speci?c details. In other instances, Well-knoWn structures 
and devices are shoWn in block diagram form, rather than in 
detail, in order to avoid obscuring the present invention. 

Reference in the speci?cation to “one embodiment” or 
“an embodiment” means that a particular feature, structure, 
or characteristic described in connection With the embodi 
ment is included in at least one embodiment of the invention. 
The appearances of the phrase “in one embodiment” in 
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2 
various places in the speci?cation are not necessarily all 
referring to the same embodiment. 

FIG. 1 illustrates one embodiment of a mobile Wireless 
communications device 10 operating With other mobile 
devices. As shoWn in FIG. 1, the communication netWork 
may be a communication system With base stations to 
service multiple users Within a coverage region. The mul 
tiple mobile devices may share a base station and employ a 
multiple access scheme such as a Code Division Multiple 
Access (CDMA) scheme. Wireless communications device 
10 is shoWn communicating With base stations 30 and 40 and 
other mobile devices 20 in the network. 

Embodiments may include packet exchanges betWeen 
users of communication devices and access points in a 
Wireless Local Area NetWork (WLAN). For example, one or 
more mobile stations or an access point may operate in 
compliance With a Wireless netWork standard such as ANSI/ 
IEEE Std. 802.11, 1999 Edition, although this is not a 
limitation of the present invention. As used herein, the term 
“802.11” refers to any past, present, or future IEEE 802.11 
standard, or extension thereto, including, but not limited to, 
the 1999 edition. Embodiments may be adapted to commu 
nicate in accordance With one or more protocols contem 
plated by various IEEE 802.16 standards for ?xed or mobile 
Wireless metropolitan area netWorks (WMANs). (WiMax 
WorldWide Interoperability for MicroWave Access is not 
really part of the standard name, it’s a certi?cation for 
products that are compliant With 802.16 standards.) Note 
that the type of communication netWork and the type of 
multiple accesses employed by devices that emit RF signal 
energy are provided as examples only, and the various 
embodiments of the present invention are not limited to the 
embodiment shoWn in the ?gure. 

Wireless communications device 10 includes a receiver 
12 to receive a modulated signal from one or more antennas. 
The received modulated signal may be frequency doWn 
converted, ?ltered, then converted to a baseband, digital 
signal. The frequency conversion may include Intermediate 
Frequency (IF) signals, but it should be noted that in an 
alternative embodiment the modulated RF signals may be 
directly doWn-converted Without the use of IF mixers. The 
scope of the claims is intended to cover either embodiment 
of the receiver. The doWn converted signals may be con 
verted to digital values by Analog-to-Digital Converters 
(ADCs). 

Wireless communications device 10 further includes a 
transmitter 14 having a Digital-to-Analog Converter (DAC) 
that converts a digital value generated by the processor to an 
analog signal. The analog signal may be modulated, up 
converted to RF frequencies and ampli?ed using a poWer 
ampli?er (With or Without feedback control) to control the 
output poWer of the analog signal being transmitted from the 
antenna(s). 

Although shoWn in a Wireless communications device 10, 
embodiments of the present invention may be used in a 
variety of applications. It should be pointed out that the 
timing acquisition embodiments are not limited to Wireless 
communication devices and include Wire-line communica 
tion devices. The present invention may be incorporated into 
microcontrollers, general-purpose microprocessors, Digital 
Signal Processors (DSPs), Reduced Instruction Set Comput 
ing (RISC), Complex Instruction-Set Computing (CISC), 
among other electronic components. In particular, the 
present invention may be used in smart phones, communi 
cators and Personal Digital Assistants (PDAs), medical or 
biotech equipment, automotive safety and protective equip 
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ment, and automotive products. However, it should be 
understood that the scope of the present invention is not 
limited to these examples. 

Wireless communication systems typically operate over a 
channel that has more than one path from transmitter to the 
receiver. Such a channel is frequently referred to as a 
multi-path channel. These signals travel through various 
paths that may be caused by re?ections from buildings, 
objects, or refraction. At the receiver end, these various 
signals are received With different attenuations and time 
delays associated With its travel path. 

FIG. 2 is a simple tWo-ray multi-path model, Which 
illustrates the concept of a multi-path environment. In FIG. 
2, one signal is received via a Direct Path (DP), and another 
signal is received by Way of a re?ected path (indirect path). 
The direct DP signal can be interfered destructively by the 
indirect path signal. As a result, the multi-path environment 
introduces signi?cant challenges for many Wireless commu 
nications systems, Which require reliable processing/estima 
tion of the transmit/receive signals. 

In a multi-path system, the receiver receives signals from 
different paths With different attenuations and delays and is 
expressed by: 

M 

m = 2 Am: — Ti) + W0). 

Where s(t) denotes a reference transmit ranging signal and 
y(t) the received signal at the receiver. M denotes the 
number of paths, Al- and "cl- denote attenuation and delay 
associated With the i-th path, respectively. Here, W(t) is the 
composite noise due to the impairment of the transmit/ 
receiver, and channel. The DP signal is the ?rst signal such 
that "cl. is the smallest since the DP signal takes the most 
direct path. HoWever, the multi-path estimation algorithm 
above may classify noise as possible signal as Well. For 
example, if "51 is the shortest delay and Al is very small, the 
algorithm may have overestimated the true number of paths 
and essentially attempts to ?t the signal to the residual noise. 

According to one embodiment, TOA techniques are 
implemented to determine the DP signal (TDP) in order to 
compute the direct path distance betWeen the transmitter and 
receiver. The distance and TOA relationship is given by 
"c DPID/ c, Where D and c are the distance and the velocity of 
propagation, respectively. In such an embodiment, the DP 
distance Within a multi-path environment is estimated When 
only one device (e. g., the receiver) has received data packets 
and the other side (e.g., the transmitter) has received time 
stamps only. 

FIG. 3 is a How diagram that illustrates one embodiment 
of computing a DP distance betWeen a transmitter and 
receiver. The process to perform the computation includes a 
process 310 to provide a TOA/multi-path estimation to a 
received packet data. Process 310 stores the estimated 
parameters (e.g., number of path, TOA of each path) for 
future calculations. 

A process 320 is included to provide TOA/Multi-Path 
Reconstruction. For a tWo Way ranging system, signals that 
travel from a ?rst transceiver to a second transceiver have 
some similar properties as the signal travel from the second 
transceiver to the ?rst transceiver (e.g., poWer attenuation, 
air travel time, etc). Thus, process 320 applies the symmetric 
property betWeen the forWard and reverse multi-path link to 
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4 
time-stamp information in order to re-construct the multi 
path pro?le parameters for the other transceiver. 

Range computation is provided at process 330 by utiliZing 
the multi-path pro?ling information from processes 310 and 
320 to compute the distance betWeen the transceivers. Wire 
less location is provided at process 340 so that the location 
of the Wireless radio unit can be determined With ranging to 
a number of different radios. In some embodiments, the 
process described herein or portions thereof may be per 
formed by a mobile station, a processor, or an electronic 
system. The processes are not limited by the particular type 
of apparatus, softWare element, or system performing the 
method. The various actions may be performed in the order 
presented, or may be performed in a different order and in 
some embodiments, some actions listed in FIG. 3 may be 
omitted. 

TOA/Multi-Path Estimation 
FIG. 4 is a How diagram illustrating one embodiment of 

a process for providing TOA/Multi-path estimation. The 
process to provide TOA/Multi-path estimation includes a 
process 410 to provide frequency o?fset compensation; a 
process 420 that decomposes the received signal into com 
ponents associated With various paths and provides param 
eter estimation by multi-path decomposition; and a process 
430 to determine the number of paths in the received signal. 
According to one embodiment, an initial timing acquisition 
process may be performed prior to process 410. Initial 
timing acquisition is based on signals communicated 
betWeen tWo RF devices such as tWo mobile devices, tWo 
base stations, one mobile device and one base station, or in 
general, any tWo Wireless communication units having a 
transmitter and a receiver. 

Frequency Offset Compensation 
In process 410 a frequency o?fset compensation value is 

calculated to correct the frequency o?fset betWeen a received 
signal and a reference signal, e.g., a signal from a remote 
modem. Signals are sensitive to carrier frequency o?fset 
betWeen the transmitter and the receiver local oscillators, 
Which may cause self interference, for example, betWeen the 
subchannels, e.g., modulated subcarriers in an OFDM 
modulation format. Carrier frequency o?fset betWeen trans 
mitter and receiver local oscillators may be estimated and 
compensated at the receiver. 

Let y” be the discrete sampled received data and s” be the 
reference data at discrete time n. The relationship betWeen 
the received signal and the reference signal may be repre 
sented as: 

y” = AIS...l X eXpUwn) + Q... 

Where Al is the signal amplitude, "51 is the delay taken to the 
nearest sample, 00 is the frequency o?fset betWeen the 
received signal and the reference signal, and en is the noise 
sampled at time n. 
To estimate the frequency offset, the folloWing least 

square cost function is minimized: 

(A,03):min(A,m)l\b/n—Asn><exp(j0Jn)H2, 

Where (A411) represent “estimated values” for amplitude and 
frequency offset. 

The cross-product 2,411” sn* can be de?ned. Note that the 
value for Zn does not have to be recomputed for each 
hypothesiZed frequency value that is used. 
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The estimated amplitude is given by: 

Z In Him-jam) 

and the estimated frequency offset may be obtained by a 
searching algorithm using: 

OBIarg miMmElynR-ti? 2M2. 

The estimated frequency offset is then applied to the 
received signal for frequency offset correction. 

Parameter Estimation by Multi-path Decomposition 
Once the frequency offset is compensated, the multi-path 

signals are estimated (both DP and indirect path) and spe 
ci?c properties in the signals are observed to select the DP 
signal. Further, the process estimates the dominant multi 
path component sequentially to achieve a fast solution. The 
process of estimating the multi-path pro?le for TOA esti 
mation is not limited to the proposed multi-path decompo 
sition method. It Will be understood other approaches can 
also be used With the TOA estimation mechanism, such as 
optimal multi-path join-estimation. 

The decomposition process 420 sequentially estimates 
multi-paths based on the energy ratio of the signal compo 
nent and the noise component (ESNR). With the ESNR 
generated for each of the multi-path signals, the decompo 
sition process arranges the signal components from the 
strongest ESNR to the Weakest ESNR. Since a loW ESNR 
may result in poor estimation performance, the decomposi 
tion executed in process 420 accounts for loW ESNR issues 
in accordance With the present invention. Accordingly, the 
attenuated receive signals obstructed by objects and/or the 
non-LOS signal energy/poWer that is substantially greater 
than that of the LOS signal is accounted for in process 420. 

In the decomposition algorithm, yl-(t) represents the signal 
used for estimating the i-th path component. During the 
decomposition process for the i-th path, the strongest signal 
yi(t) is estimated and removed from the residual signals. The 
estimation problem is formulated by an iterative process 
With ?rst letting r(t)%/(t), then 

The ?nal estimate becomes: 

m 

Where 
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6 
Again, note that Z(u)) is only computed once per minimi 
Zation. Note that the iteration is repeated With: 

The decomposition associated With process 420 may be 
generaliZed to an M-path example Without a speci?c signal 
strength relationship betWeen paths. The determination of 
the number of paths M, and the selection of the DP signal is 
illustrated in preparation for the ?nal estimation of TOA for 
the DP signal. Let A1>A2>A3 . . . , and by Way of example, 

assume that the DP signal is the third strongest signal, i.e., 
YL 0s(t):A3 50-13 

In this example the DP signal has a smaller ESNR than 
either of the tWo other indirect paths. The mechanism for 
selecting the number of paths M and the DP signal is 
described later, but assume that these parameters are knoWn. 
The decomposition algorithm ?rst estimates the strongest 
signal component yl(t):Als(t—'cl) and stores the informa 
tion. The value Yl (t) is removed from y(t) and the remaining 
signal becomes residual error r(t)?/(t)—yl(t). After separat 
ing the yl(t) from the received signal y(t), the second 
strongest signal component y2(t) is then estimated from r(t). 
The same procedure is repeated for the i-th path until iAIM. 
The time-of-arrival information 'CLOS is obtained from YLOS 
(t):ALOSs(t—'AcLOS), Where LOSI3 in this example. 

FIG. 5 illustrates a residual signal/noise poWer plot for 
several path components. The Y-axis represents the residual 
signal/noise poWer and the X-axis represents the estimated 
delay "cl- , associated With an i-th path. During the decom 
position process, the ESNR is estimated for each of the 
component signals and the strongest signal yl-(t) at a time is 
determined and removed from the residual error. Note that 
the residual signal/noise decreases as the number of paths 
increases. In the example illustrated in FIG. 5, the ?rst 
component 502 is shoWn as the strongest path among the 
M-path signals, second component 504 the next strongest 
path, folloWed by third component 506. 
As previously stated, the decomposition associated With 

process 420 sequentially estimates multi-paths based on 
ESNR. As shoWn in FIG. 5, ?rst component 502 has the 
strongest ESNR and in accordance With the decomposition 
algorithm is selected for removal. FolloWing the removal of 
?rst component 502, the residual noise of the remaining 
components is signi?cantly loWer. Note that the residual 
noise of the remaining components is about 20 dB loWer 
after removing the ?rst path signal. 

Process 420 continues by sequentially estimating the 
remaining multi-paths based on ESNR. In this example, the 
second component 504 is the remaining multi-path signal 
having the strongest ESNR. This second path signal (second 
component 504) is then removed and the residual noise of 
the remaining components further drops by a feW dB. As 
shoWn in the ?gure, the third component 506 is the com 
ponent selected from the remaining components as having 
the strongest ESNR. After removing the third component 
506, the residual noise of the remaining components drops 
an additional feW dB. 
Number of Paths Determination 
NoW returning to FIG. 4 and continuing With process 430, 

the number of paths in the received signal that affect the 
residual signal is determined. Continuing With the example, 
the residual noise poWer for the remaining components is 
relatively ?at Which shoWs that there is no clear effect on 
removing any other multi-path component on the residual 
signal. Thus, a threshold in the residual noise poWer or a 
residual change limit may be used to determine the number 
of paths in the received signal. In the above example, three 
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paths have been shown to affect the ?nal residual noise 
power. Selecting additional components and removing them 
Would not signi?cantly reduce the residual signal, and 
therefore, the number of effective multi-path is determined 
to be three, i.e., M:3. 

Multi-Path Reconstruction 
Referring back to FIG. 3 and continuing With process 320, 

TOA/multi-path reconstruction is performed after multi 
path estimation has been completed. Whenever a Wireless 
radio transmits Wireless signals, the signals can be thought 
of as a bundle of individual light rays Which are traveling in 
all directions. Each individual light ray of the bundle folloWs 
the laW of re?ection. Not all the rays Will reach the receiver. 
The top ?gure of FIG. 6A illustrates an example of a three 
paths scenario (DP, multi-path 1, and multi-path 2) betWeen 
transmitter-A and receiver-B. The signal transmitted from 
transmitter-A Will travel in all directions and only three paths 
Will reach the receiver-B folloWing the laW of re?ection. All 
other paths do not reach receiver B or are completely 
attenuated before reach receiver B. 
When the transmitter and receiver are reversed (e.g., the 

transmitter becomes the receiver and the receiver becomes 
the transmitter as shoWn in FIG. 6B), the reverse Will 
happen, such that the rays from the neW transmitter-B Will 
travel in all directions, With only some of the rays reaching 
the neW receiver-A. Based on the laW of re?ection (e.g., the 
angle of incidence is equal to the angle of re?ection), the 
rays that Will reach the neW receiver Will folloW the same 
paths (although in the reverse direction) as the previous 
example. Thus, the signal transmitted from transmitter-B 
Will travel in all directions and only three paths Will reach 
the receiver-A folloWing the laW of re?ection. All other 
paths doe not reach receiver A, or are completely attenuated 
before reaching receiver A. 

Based on this description it can be concluded that the 
multi-path pro?le (the paths/ray-traces, etc.) from point-A to 
point-B is the same as from point-B to point-A (from the 
multi-path observed by point-A and B). Therefore, the 
number of paths from point A and point B are the same as 
from point B and point A, the paths/ray-traces from point A 
and point B are the same as from point B and point A, the 
delay (traveling time) of each path from point A and point B 
is the same as from point B and point A, and the relative 
delay betWeen paths from point A and point B are the same 
as from point B and point A. 

If the multi-path pro?le from point A to point B and some 
basic information from point B to point A (such as a 
time-stamp associated With the strongest path) are knoWn, 
the multi-path pro?le (from point B to point A) can be 
reconstructed using the multi-path symmetry property. Con 
sequently, time stamp information is implemented to recon 
struct the multi-path information. 

According to one embodiment, the time stamp informa 
tion is the time at Which the strongest path is received. In a 
further embodiment, the time stamp information is gener 
ated by recording a time-stamp of a packet transmitted from 
a device. Particularly, the receiver 12 is turned on during 
transmission of the packet, While turning off loW-noise 
ampli?ers. The loW-noise ampli?ers may be turned off 
because the signal is strong Without the ampli?ers 

The multi-path reconstruction process can be generaliZed 
to M-path scenario Without speci?c signal strength relation 
ship betWeen paths. An example With a speci?c signal 
strength relationship can be used to explain the process. In 
this example, A1>A2>A3, 'cl>'c2>'c3, Where the DP signal is 
the third strongest signal, e.g., YLOS(t):A3s(t—'c3). Further, 
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8 
the DP signal is smaller than tWo other non-DP paths. The 
selection of the number of path M, and the DP signal is 
critical for the ?nal estimation of TOA for the DP signal. The 
selection of M and DP signal is performed according to the 
multi-path estimation process 310 described above. 
The multi-path pro?ling information that Was computed 

from the previous stage includes: (a) the number of paths M; 
(b) the DP signal among the M paths is knoWn (e.g., DP:3); 
and (c) signal strength relationship and TOA associated With 
each path, e.g., A1>A2>A3, 'cl>'c2>'c3. The basic concept is 
use the relative time offset information betWeen the stron 
gest path and the DP path from one unit to reconstruct the 
same information for the other unit using the available 
time-stamp associated With the strongest path. 

According to one embodiment, the multi-path estimation 
process includes applying the multi-path estimation process, 
or other multi-path estimation algorithms, to the Wireless 
data received by the ?rst radio unit (point A to B) and 
estimating the multi-path pro?le information for each path 
(i.e., A1, A2, A3, '51, "c2, '53). Subsequently, the TOA differ 
ence betWeen the strongest path and the DP path (e.g., 
A'CItIJC3) is estimated. 
Assuming the TOA difference between the strongest and 

DP paths are the same (e.g.,) based on the multi-path 
symmetric property. Given that the time stamp associated 
With the strongest path at the second radio unit (point B to 
A) is knoWn (e.g., "E1.), the TOA for the DP path becomes E3: 
E1 —A"c. Once the information associated With the DP for both 
Wireless radio units becomes available ("53 and E3), the range 
betWeen the tWo Wireless radio units can be computed, as 
Will be explained in process 330 beloW. 

Note that the above example only illustrates re-construct 
ing the path information using multi-path symmetry prop 
erty. The information calculated using the TOA technique 
Will be used for ranging/location application. Other multi 
path pro?le information can be re-constructed for different 
applications if needed. Further, the multi-path reconstruction 
using symmetry property can apply to other multi-path 
estimation algorithms and is not limited to the TOA/multi 
path estimation process discussed above. Some examples 
include forWard and reverse link in the Wireless communi 
cation multi-input multi-output (MIMO) and smart antenna 
applications. 

Range Computation 
Referring back to FIG. 3 and continuing With process 330, 

distance is computed using the estimated delay betWeen tWo 
links (forWard and reverse links). The basic relationship 
betWeen the distance and the delay are described based on 
the example described beloW. In this example, a ?rst Wire 
less radio unit (Unit #1) transmits a packet to a second 
Wireless radio unit (Unit #2) at time tIO, FIG. 7. Subse 
quently, Unit #2 responses to the Unit #1 packet at time tID. 
Thus, the distance betWeen Unit #1 and Unit #2 (e.g., d12) 
is to be estimated using the previous multi-path decompo 
sition example. 

First, Unit #1 receives its oWn transmit packet immedi 
ately (e.g., t1:0) and the response packet from Unit #2 at a 
time D (FIG. 8) after a delay associated the propagation path 
(distance) betWeen the Unit #1 to Unit #2 t3:D+d 12/6 (FIG. 
9). Since the self-received packet has very loW noise and 
Without multi-path, no multi-path decomposition process 
needs to be performed, tl:0. A multi-path decomposition is 
applied to the response packet from Unit #2, and the time 
associated With the DP path is recorded, e.g., t3:D+dl2/ 
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NeXt, Unit #2 receives Unit #1’s transmit packet after a 
delay (t4:d l2/c) associated the propagation path (distance), 
FIG. 10. Unit #2 received its oWn packet With no delay 
(tZID). The self-received packet for Unit #2 does not have 
multi-path so the self-received time-stamp t2:D. The remote 
received time-stamp is estimated from the strongest path "El 
and is sent back to Unit #1 or the location server. Note that 
the only information sent back is the time-stamp. Without 
sending the Wireless data packet, multi-path reconstruction 
can be performed. 

Based on the multi-path symmetric property described in 
the previous example, the TOA for the DP path at unit #2 is 
t4:d 12/c:E3:El—A"c. Given t1, t2, t3, and t4, the distance dl2 
betWeen unit #1 and unit #2 can be computed by dl 2:(m1— 
m2) /2, Where, 

Once the m1 and m2 values are knoWn, the tWo unknowns D 
and dl2 can be solved (c is the speed of radio Wave and is 

known). 
Wireless Location 

Referring back to FIG. 3 and continuing With process 340, 
Wireless location information is estimated using three or 
more different range measurements. According to one 

embodiment, a mobile user performs tWo-Way ranging at 
each access point (AP)/base one at a time. The position is 
calculated after tWo-Way ranging using a triangulation 
approach Which minimiZes the mean square error criterion. 
FIG. 11 is a diagram illustrating one embodiment for deter 
mining Wireless location. 

Referring to FIG. 11, a mobile unit is at location (X, y) 
While AP/BS #1-3 are at locations (X1, y1), (X2, y2) and (X3, 
y3), respectively. Estimated range data for each AP/BS is 
represented by dlm, dzm, d3m. From the knoWn AP/BS 
location, and estimated range data, the mobile’s position (X, 
y) can be determined by solving the triangulation equations: 

The above-described mechanism enables a mobile to use 
its oWn algorithm to estimate multi-path information using 
TOA techniques Without the involvement of access points. 
Consequently, the client may estimate its range from the 
access point using the estimations, or simply estimate its 
location. Note that instead of computing the location at the 
client/mobile side, for different applications or usage models 
the location may also be computed at the AP/base-station 
side or at the netWork server using a similar triangular 
method. 

Whereas many alterations and modi?cations of the 
present invention Will no doubt become apparent to a person 
of ordinary skill in the art after having read the foregoing 
description, it is to be understood that any particular embodi 
ment shoWn and described by Way of illustration is in no 
Way intended to be considered limiting. Therefore, refer 
ences to details of various embodiments are not intended to 
limit the scope of the claims, Which in themselves recite only 
those features regarded as essential to the invention. 
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What is claimed is: 
1. A method comprising: 
receiving data at a ?rst Wireless radio device that has been 

transmitted from the ?rst Wireless radio device; 
receiving time stamp information from a second Wireless 

radio device; 
performing a decomposition process on the received data 

to determine multi-paths betWeen the ?rst Wireless 
radio device and the second Wireless radio device; and 

estimating time of arrival (TOA) information based upon 
the data received from the ?rst Wireless device and the 
time stamp information received from the second Wire 
less device. 

2. The method of claim 1 further comprising reconstruct 
ing the multi-path pro?le betWeen the ?rst Wireless radio 
device and the second Wireless radio device. 

3. The method of claim 2 Wherein the multi-path pro?le 
is reconstructed using the time stamp information received 
from the second Wireless radio device. 

4. The method of claim 3 Wherein the time stamp infor 
mation is generated at the second Wireless radio device by: 

activating a receiver at the second Wireless radio device 
during a signal transmission; and 

deactivating one more ampli?ers at the second Wireless 
radio device. 

5. The method of claim 3 Wherein the multi-path pro?le 
is further reconstructed using a symmetry property betWeen 
the ?rst Wireless radio device and the second Wireless radio 
device. 

6. The method of claim 2 further comprising estimating a 
range betWeen the ?rst Wireless radio device and the second 
Wireless radio device. 

7. The method of claim 6 further comprising estimating 
the location of the ?rst Wireless radio device using the range 
estimation. 

8. The method of claim 1 Wherein the decomposition 
process comprises: 

performing frequency compensation; 
performing parameter estimation; and 
determining a number of paths. 
9. A Wireless communication device comprising: 
a transmitter to transmit data; 
a receiver to receive at least a portion of the transmitted 

data and to receive time stamp information from a 
second Wireless device; and 

a processor coupled to the transmitter and receiver to 
estimate time of arrival (TOA) information based upon 
the received data transmitted from the transmitter and 
the time stamp information received from the second 
Wireless device and to perform a decomposition pro 
cess on the received data to determine multiple paths 
betWeen the device and the second Wireless device. 

10. The device of claim 9 Wherein the processor recon 
structs the multi-pat pro?le betWeen the device and the base 
station using the time stamp information received from the 
base station and symmetry properties betWeen device and 
the base station. 

11. The device of claim 10 Wherein the processor esti 
mates a range betWeen the device and the base station. 

12. The device of claim 11 Wherein the processor esti 
mates the location of the device using the range estimation. 

13. An article of manufacture including one or more 
computer readable media that embody a program of instruc 
tions, Wherein the program of instructions, When eXecuted 
by a processing unit, results in the process of: 

receiving data at a ?rst Wireless radio device that has been 
transmitted from the ?rst Wireless radio device; 
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receiving time stamp infounation from a second Wireless 
radio device; 

performing a decomposition process on the received data 
to determine multi-paths betWeen the ?rst Wireless 
radio device and the second Wireless radio device; and 

estimating time of arrival (TOA) information based upon 
the data received from the ?rst Wireless device and the 
time stamp information received from the second Wire 
less device. 

14. The article of manufacture of claim 13 Wherein the 
program of instructions, When executed by a processing unit, 
further causes reconstructing the multi-path pro?le betWeen 
the ?rst Wireless radio device and the second Wireless radio 
device using the time stamp information received from the 
base station and symmetry properties betWeen device and 
the base station. 

15. The article of manufacture of claim 14 Wherein the 
program of instructions, When executed by a processing unit, 
further causes estimating a range betWeen the ?rst Wireless 
radio device and the second Wireless radio device. 

16. The article of manufacture of claim 15 Wherein the 
program of instructions, When executed by a processing unit, 
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further causes estimating the location of the ?rst Wireless 
radio device using the range estimation. 

17. A Wireless communication device comprising: 
a transmitter to transmit data to a base station; 
a receiver to Teceive at least a portion of the transmitted 

data and to receive time stamp information from the 
base station; 

a processor coupled to the transmitter and receiver to 
estimate time of anival (TOA) information based upon 
the received data and the time stamp information and to 
perform a decomposition process on the received data 
to determine multiple paths betWeen the device and the 
base station; and 

at least one dipole antenna coupled to the transceiver to 
radiate the data in the form of electromagnetic Waves. 

18. The device of claim 17 Wherein the processor recon 
structs the multi-path pro?le betWeen the device and the 
base station using the time stamp information received from 
the base station and symmetry properties betWeen device 

20 and the base station. 
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